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5HVHDUFKREMHFWDQGUHVHDUFKPHWKRGV
UHVHDUFKREMHFW
7KHDXWKRUVPDLQO\IRFXVRQKLSSXVKDVWKHNH\SRLQWIURPWKHELRPHFKDQLFV$QJOHWRHYDOXDWHWKHKLS
SXVKVNLOOVXVHGLQZDONLQJUDFHDQGILQGRXWWKHWHFKQLFDOIDFWRUVWKDWLQIOXHQFHKLSSXVK
UHVHDUFKPHWKRGV
OLWHUDWXUHPDWHULDOPHWKRG
7KLVVWXG\KDVFROOHFWHGDQGVRUWHGUHODWHGPDWHULDOERRNVDQGSDSHUVPDLQO\WKURXJKWKHPHWKRGVRI
OLWHUDWXUHPDWHULDOV,QWHUQHWVHDUFKLQJ
VSRUWVELRPHFKDQLFVDQDO\VLVPHWKRG
$QDO\]LQJWKHKLSSXVKVNLOOVPDLQO\IURPWKHDQJOHRINLQHPDWLFVDQGG\QDPLFVELRORJ\
ORJLFUHDVRQLQJPHWKRG
0DNLQJUHDVRQDEOHUHDVRQLQJDQGDQDO\VLVRQWKHEDVLVRIFRPSUHKHQVLYHLQIRUPDWLRQ
WKHLPSRUWDQFHRIKLSSXVKDSSOLHGLQZDONLQJUDFH
$V LV PHQWLRQHG LQ :DQJ -XQ[LD¶V HVVD\ $Q DQDO\VLV RQ UDFH PHQ
V WHFKQLFDO IHDWXUHV DQG
ELRPHFKDQLFVWKHVZLQJF\FOHLVQRWRQO\GHSHQGHGRQWKHOHQJWKRIWKHVZLQJUDGLXVVL]HEXWPRUH
LPSRUWDQWRQWKHVL]HRIWKHVZLQJVSHHGV0DQ\DQDO\VLVVKRZWKDWWKHOHYHOVSHHGRIKLSVZLQJLQJLVUHODWHG
WRWKHKHLJKWRIVSHHGDQGWLPH:KHWKHUWKHVL]HRIKLS¶VOHYHOVSHHGRQVZLQJLQJOHJPRYHPHQWLVFRPSOHWHG
UHDVRQDEO\KDVDJUHDW HIIHFW RQ WKHKLS>@ ,Q WKHFDVHV WKDWKLSGRHV WKUHHD[LVPRWLRQ LQRUELW DURXQG WKH
KXPDQERG\WKHKLJKHUWKHKRUL]RQWDOVSHHGLVDURXQGYHUWLFDOD[LVURWDWLRQGHJUHHWKHELJJHUWKHVWHSOHQJWK
LV WRLQFUHDVHLWEHWWHU7KHFRUUHODWLRQFRHIILFLHQWRIWKHOHYHORIWKHNQHHVSHHGDQGVZLQJWLPHLV3
 WKH KLJKHVW FRUUHODWLRQ FRHIILFLHQW RI KLS OHYHO VSHHG DQG VZLQJ WLPH LV  3   ZKLFK
LQGLFDWHV WKDW WKH OHYHO RI WKHKLSV VSHHGKHLJKW GHFLGHV WKH VZLQJRI WKH OHQJWKRI WLPH >@+LS LVPDLQO\
DURXQGWKHYHUWLFDOD[LVIRUURWDWLRQZLWKLWVSXUSRVHWRHQODUJHWKHVWHSOHQJWK$QGSUDFWLFHVKDYHSURYHGWKDW
D EHWWHUPRYHPHQW FDQPDNH HDFK VWHS LQFUHDVH DERXW  FHQWLPHWHUV ORQJ ZKLFK LV DOVR RQH RI WKHPRVW
LPSRUWDQWVNLOOVLQZDONLQJUDFH>@
%HVLGHVVRPHGDWDVKRZWKDW&KLQD
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PRUHWKDQIRUHLJQDWKOHWHVZKRVHSDUDPHWHULV7KLVLQGLFDWHVWKDW&KLQD
VSHOYLVURWDWLRQLVEHWWHUZKLFK
LV EHQHILFLDO WR ERG\ JUDYLW\PRYLQJ IRUZDUG DQG WR D FHUWDLQ H[WHQW FDQ LQFUHDVH VWULGH >@:LWK WKH KLS
DURXQGWKHYHUWLFDOD[LVIRUZDUGUDQJHRIPRYHPHQWWKHELJJHUWKHVWHSOHQJWKLVWRLQFUHDVHLWEHWWHU7KHVL]H
RIWKHFLUFOHDQJOHFDQUHIOHFWWKHKLSPRYHPHQWUDQJH2XUDWKOHWHVKDYHDVPDOOHUFLUFOHEHIRUHDQJOHZKLFK
KDVSURYHGWKDWSXVKHIIHFWLVSRRUDQGWKHGLUHFWFDXVHLVSRRUKLSSXVKVNLOOV+LSSXVKVNLOOVDUHWKHDFWLRQ
SURFHVV WKDW KLS URWDWHV DFWLYHO\ XQGHU WKH FRQWURO RI WKH FHQWUDO QHUYRXV V\VWHP DURXQG WKH IXOFUXP LQ WKH
YHUWLFDOD[LV>@
3RVLWLYH KLSSXVK FDQ LQFUHDVH WKH UDQJH RI WKH KLS VSLQ ZLWKLQ DQG IRUZDUG2Q WKH RQH KDQG LW FDQ
LQFUHDVHWKHVWHSOHQJWK2QWKHRWKHUKDQGLWDOVRFUHDWHVIDYRUDEOHFRQGLWLRQVGXHWRKLSSXVKVZLQJLQJOHJ
PRYLQJIRUZDUG$FFRUGLQJWRWKHFRUUHODWLRQDQDO\VLVWKHUHODWLYHYDOXHRIKLSLVDQGDQGWKHVRDU
WLPHFRUUHODWLRQYDOXHLV3WKHUDWHRIPRYHPHQWRIWKHKLSGLUHFWLRQDQGPRYHPHQWGLUHFWLRQ
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KDVFORVHFRQQHFWLRQZLWKWKHVRDUWLPHWKHKLJKHUWKHVSHHGUDWLRLVEHWZHHQKLSOHYHOVSHHGDQGWKHJUDYLW\
VSHHG WKH PRUH UHDVRQDEOH EHWZHHQ VZLQJLQJ OHJ GLUHFWLRQ DQG VZLQJ OLQH WKH KXPDQ ERG\ YHUWLFDO D[LV
WZLVWLQJDURXQGZLOOEHEHWWHUDQGYLFHYHUVD>@
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WKHLU PRYHPHQWV HDVLO\ DQG LQFUHDVH SHOYLF EHIRUH DQG DIWHU WKH WXUQZKLFK SOD\V D JRRG HIIHFW RQ WKH
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PRYHPHQW5RWDWLRQUDQJH LQFUHDVHVPRUHZLOOKDYHPDQ\DGYDQWDJHVRYHUHDFK LQGH[ LQKLSSXVKDQG WRD
ODUJHUH[WHQWWKHPRUHREYLRXVWKHKLSSXVKDFWLRQLVFDQDOVRKDYHDJRRGFRQWURORQKLSSXVK>@
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VLJQLILFDQWGLIIHUHQFHEHWZHHQPDOHDQGIHPDOH>@
*UDSKRQHILJXUHPDOHIHPDOHZDONHUOHIWULJKWKLSVLQJOHF\FOHFKDUDFWHULVWLFVFXUYH$QJOH
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VSHHG
7KHPDLQ IDFWRU6 WKDW LQIOXHQFHKLSSXVK VSHHG LV WKH VWHS DQG WKH VWHS 6WHS OHQJWK LV UHIHUUHG WR WKH
GLVWDQFHEHWZHHQWZROHJVZKLOHLQWKHUDFHVWHSIUHTXHQF\LVUHIHUUHGWRWKHQXPEHURIH[FKDQJHVEHWZHHQ
WZROHJVGXULQJWKHXQLWWLPH:KHWKHUWKHUHLVDFKDQJHEHWZHHQVWHSOHQJWKRUVWHSIUHTXHQF\RUDFKDQJHRQ
ERWKDVSHFWVZLOOKDYHDQHIIHFWRQWKHVSHHGRIKLSSXVK>@,INHHSVWHSOHQJWKVWLOODQGLPSURYHWKHVDPH
VWHSIUHTXHQF\RUNHHSWKHVDPHVWHSIUHTXHQF\DQGLQFUHDVHWKHVWHSOHQJWKLWFDQLQFUHDVHWKHVSHHGRIWKH
UDFH$FFRUGLQJWRSHUVRQDOFKDUDFWHULVWLFVDQGDGMXVWLQJWKHVWHSDQGVWHSIUHTXHQF\UHODWLRQUDWLRQDOO\LVDQ
HIIHFWLYHZD\WRLPSURYHWKHVSHHGRIKLSSXVKLQWKHUDFH
:HFDQDOVRGRDQH[SHULPHQWPDNH$7W\SHWKDWWXUQVZLWKWKHKLS$IRUZDUGWKHQ%ZLOOWXUQEDFN
DQGJHW$C%CZKLFKLQWXUQ%ZLOOWXUQIRUZDUG$ZLOOWXUQEDFNDVLVVKRZQLQILJXUH>@'XHWRRIIVHW
LQWKHEHIRUHDQGDIWHUSURFHVVWKHVSRUWVUHVXOWLVWKDWURWDWLRQIRUZDUGLV]HURDQGWKHFHQWHURIJUDYLW\LVQRW
PRYLQJ,IZHWDNH$DVWKHVXSSRUWLQJSRLQWWKHQWXUQ%ZLWKWKHVDPHUDQJHDQGJHW$%CCDVLVVKRZQLQ
JUDSKWKHQWKHUHVXOWLVPXFKORQJHUWKDQWKH7W\SH$C%CEHFDXVH$CCLVLQWKHIURQWDQGVWHSOHQJWKLV
ORQJHUWKDQ$C%C(YHQLIHYHU\VWHSLQFUHDVHVFPZLWKWKHH[DPSOHRINPGXHWRWKHORQJGLVWDQFH
PHYHU\VWHSDOVRQHHGWRZDONPRUHWKDQVWHSVZLWKWKHVDPHVSHHGWKHQUHDFKLQJWKHGHVWLQDWLRQFDQ
EHDGYDQFHGDERXWPZKLFKLVDJUHDWDGYDQWDJHWRWKHILHUFHFRPSHWLWLRQREYLRXVO\


*UDSK*UDSK
WLPH
7KHPDWHULDODQDO\VLVVKRZVWKDW WKHKLJKHVWFRUUHODWLRQFRHIILFLHQWRIWKHKLSOHYHOVSHHGDQGVZLQJ
WLPHLV3LQGLFDWLQJWKDWWKHKHLJKWIWKHOHYHORIWKHKLSVVSHHGGHSHQGVRQWKHWLPHRIWKH
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VZLQJRI WKH OHQJWK>@7KHKLS OHYHOVSHHGDQGVZLQJ LVKLJKO\UHODWHG WRKHLJKW >@$W WKHVDPH WLPH
DPRQJWKHKLSSXVKIDFWRUVWKHWLPHRIPRYHPHQWRIWKHOHQJWKKDVDFHUWDLQHIIHFWRQKLSSXVK
G\QDPLFVIDFWRUV
WKHIRUFHV
7KHIRUFHVWKDWLQIOXHQFHKLSSXVKDUHYDULRXVDQGFDQEHJHQHUDOO\GLYLGHGLQWRWKHLQWHUQDODQGH[WHUQDO
IRUFHV ,QWHUQDO IRUFH UHIHUV WR WKH KXPDQ LQWHUDFWLRQ EHWZHHQ WKH SDUWV LQWR WKH IRUFH JHQHUDWHG VXFK DV
PXVFOH FRQWUDFWLRQ IRUFH([WHUQDO IRUFH LV D SRZHU WKDW H[WHUQDO REMHFW UHDFW WR WKHKXPDQERG\ZKHQ WKH
KXPDQ ERG\ DQG H[WHUQDO REMHFWV LQWHUDFW HDFK RWKHU %XW IRUFHV WKDW LQIOXHQFH KLSSXVK FDQ EH FODVVLILHG
EDVLFDOO\DVIROORZV
WKHVXSSRUWLQJUHDFWLRQ
WKHVXSSRUWLQJUHDFWLRQ LV WKDWZKHQKXPDQERGLHVDUH LQVXSSRUWJLYH WKHJURXQGD IRUFHDQGUHTXLUHDQ
HTXDODQGRSSRVLWHVXSSRUWLQJUHDFWLRQ>@6XSSRUWWKHUHDFWLRQWKHVXSSRUWLQJUHDFWLRQVL]HDQGGLUHFWLRQLV
PDLQO\GHSHQGHGRQWKHVL]HRIWKHIRUFH,QWKHUDFHKLSSXVKZKHQWKHVXSSRUWLQJIRUFHDQGWKHUHDFWLRQDUH
LQWKHGLUHFWLRQRIWKHIRUFHDQGPRYHPHQWGLUHFWLRQWKH\EHFRPHPRWLYDWLRQWRSURPRWHKXPDQIRUZDUG,I
WKH\DUHRSSRVLWHLWZLOOEHFRPHDUHVLVLWDQFH
JUDYLW\
*UDYLW\LVWKHDSSHDOIURPWKHHDUWKWRKXPDQERG\VRJUDYLW\LVKXPDQERG\¶VZHLJKW>@7KHFHQWHURI
JUDYLW\ LV SRLQWLQJ LQ WKH HDUWK:KHQ KXPDQ ERG\ PRYHV XS JUDYLW\ LV WKH UHVLVWDQFH 2Q WKH FRQWUDU\
JUDYLW\LVSRZHU:KHQKXPDQERG\LVXSULJKWWKHERG\ZHLJKWLVDWWKHXSSHUSDUWVRWKHVXSSRUWLQJIRUFH
NHHSV EDODQFH ZLWK WKH JUDYLW\ :KHQ \RXU FHQWHU RI JUDYLW\ LV EHIRUH WKH VXSSRUWLQJ SRLQW WKH KXPDQ
ERG\ ZKLFK LV DIIHFWHG E\ ERWK WKH VXSSRUWLQJ IRUFH DQG WKH IRUFH RI JUDYLW\ FDQ REWDLQ FHUWDLQ SRZHU
IRUZDUG,QWKHUDFHZKHQWKHERG\DQGWKHSRVLWLRQRIVWURQJSRLQWDUHQRWFRPSOHWHO\FRQVLVWHQWVRXVLQJ
WKHKXPDQERG\¶VJUDYLW\DQGUHGXFLQJJUDYLW\UHVLVWDQFHLVDQLPSRUWDQWIDFWRUWRLPSURYHWKHKLSSXVKVNLOOV
IULFWLRQ
7KHIULFWLRQDOIRUFHLVDIRUFHWKDWKLQGHUVWKHPRWLRQ%XWSHRSOHLQZDONLQJUDFHQHHGWKLVNLQGRIIRUFHLW
JXDUDQWHHVVWURQJDQFKRUPDNLQJKXPDQERG\¶VPXVFOHFRQWUDFWLRQRIWKHIRUFHWKURXJKWKHVXSSRUW OHJVLQ
WKHUROHRIWKHJURXQGLQRUGHUWRJHWWKHSRZHURIWKHKXPDQERG\¶VPRYHPHQW>@)ULFWLRQDOVRKDVFHUWDLQ
HIIHFW RQ WKH VL]H RI WKH VXSSRUWLQJ UHDFWLRQ IRU H[DPSOH ZKHQ VSRUWV PHQ ZHDU ZDONLQJ VKRHV WKH\ FDQ
LQFUHDVHWKHSHGDODIWHUIULFWLRQZKLFKLVKHOSIXOWRPDNHIRUFH ,QWKHSURFHVVRIKLSSXVKZHFDQXVHWKLV
IRUFHHIIHFWLYHO\ZKLFKZLOOLPSURYHWKHKLSSXVKVNLOOVJUHDWO\
DLUUHVLVWDQFH
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